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© A moisture-sensitive device comprising a sub- 
jj^ strata such as silicon substrate, a pair of belt-like 
^heating elements extending over recesses formed in 
the substrate, the heating elements being composed 
by a resistive film of platinum or nickel and a heat- 
Q. resistant insulating film covering the resistive film in 
m which one of the heating elements acts as a detector 
element and the other as a reference element, which 
can exactly determine an absolute humidity irrespec- 



© Applicant: SHARP KABUSHIKI KAISHA 
22-22 Nagalke-cho Abeno-ku 
Osaka(JP)\ 

@ Inventor: Suglhara, Takashi 
2-12-13, Nagayama 
Ryugasaki-shi Ibaragi-ken(JP) 
Inventor: Uda, Kazutaka 
1-40-309, Hlgashikidera-cho 
Nara-shi Nara-ken(JP) 
Inventor: Tabuchi, Hiroki 

1- chome 4-21-703 Oomiya-cho 
Nara-shi Nara-ken(JP) 
Inventor: MiyoshJ, Shuji 
1905-31, Koizumi-cho 
Yamatokouriyama-shl Nara-ken(.lP) 
Inventor: Inaml, Yasuhlko 
82-1-304 Hokkejihlgashi-machi 
Nara-shi Nara-ken(JP) 

inventor: Hashlzume, Nobuo 

2- 2-179, Sakyou 
Nara-shi Nara-kenMP) 
Inventor: Furubayashi, Hlsatoshi 

39-11, Izumlhara-cho Yamatokouriyama-shl 
Nara-ken(JP) 

0 Representative: Hitchcock, Esmond Antony et 
ai 

Lloyd Wise, Tregear & Co. Norman House 
105-109 Strand 
London WC2R OAE(GB) 



tive of sudden changes of temperatures. 



Xerox Copy Centre 



i) 



EP 0 376 721 A2 



MOISTURE-SENSITIVE DEVICE 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a moisture- 
sensitive device and, more particularly, to a 
moisture-sensitive device which has a detector ele- 
ment and a reference element and which deter- 
mines the absolute humidity from the difference 
between the outputs from these two elements. 



2. Description of the Prior Art 

Various kinds of humidity sensors have been 
heretofore developed. Some of them detect relative 
humidities of the atmosphere, while the others de- 
tect absolute humidities. Humidity sensors which 
detect relative humidities are superior in some of 
detection range, sensitivity, accuracy, response 
speed, reliability, and environmental resistance, but 
inferior in the other factors. Where such a humidity 
sensor is placed within a microwave oven that is 
being operated, the temperature of the atmosphere 
surrounding the sensor changes rapidly. Under this 
condition, when very slight changes in the amount 
of water vapor are detected, the relative humidity 
that is a function of temperature is considered as 
follows. 

It is assumed that the amount of water vapor 
contained in the detected atmosphere in constant 
and that only the temperature of the atmosphere 
increases. Event If the amount of water vapor is 
constant the relative humidity drops because the 
saturated water vapor pressure changes. If tem- 
perature is elevated at a higher rate, then a quite 
slight increase In the amount of water vapor will not 
change the relative humidity because of the in- 
crease in temperature, or it might lead to a de- 
crease in the relative humidity. Consequently, the 
obtained result does not substantially reflect the 
change in the amount of water vapor. In this way, 
this kind of humidity sensor has a serious problem. 
Hence, a sensor which can directly detect the 
amount of water vapor is adapted for measurement 
of the humidity of the aforementioned environment 
rather than a sensor detecting the relative humidity. 

In order to detect absolute humidities or the 
amount of water vapor, Instruments making use of 
attenuation of microwaves due to water vapor or 
absorption of Infrared radiation have been em- 
ployed. Since these instruments can directly detect 
the amount of water vapor by physical means, they 
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are adapted for detection of slight changes in the 
amount of water vapor even in an environment 
involving a rapid temperature change as described 
above. However, these instruments including 
means for providing temperature compensation are 
large-scale and considerably expensive to fabri- 
cate. 

In view of the foregoing, the present applicant 
and others have developed various small-sized ab- 
solute humidity sensors which are excellent in envi- 
ronmental resistance are excellent in weatherproof- 
ness and utilize micromachining techniques, as dis- 
closed in Japanese Patent Laid-Open Nos. 
145,954/1988, 201,559/1988, 243,817/1988, and 
263,426/1988. A typical absolute humidity sensor is 
shown in Fig. 9, where insulating layers 2 are 
formed on the surface of a substrate 1. A bridge 3c 
made of an insulating thin film Is formed over one 
insulating layer Z A heating element 15 made of a 
thin film of a thermistor material is formed on the 
bridge 3c. The heat capacity of this device Is very 
small. The insulating thin film can assume the form 
of a cantilever or a diaphragm, as well as the form 
of a bridge. The thermistor material can be SiC, 
TaN, Qe, or other material. An absolute humidity 
sensor using a thin-film heating element made from 
such a thermistor material shows high response 
speed and high sensitivity, but the thin film is not 
stable over a long term. Especially, it is not stable 
against heat. Further, the device is not easy to 
rr.ir,v4,«C"" w. wCauso ii is nucessary to rorm elec- 
trodes 16, and for other reasons. In a proposed 
structure of the absolute humidity sensor using a 
thermistor material as described above, a detector 
element and a reference element are formed on a 
single substrate to provide temperature compensa- 
tion. The reference element is hermetically sealed. 
However, this humidity sensor also suffers from the 
above-described drawbacks, since it uses a ther- 
mistor material. 

As a kind of temperature sensor, a flow sensor 
using a heating element made of a thin film of 
platinum is known. The heating element of this 
sensor is shaped like a bridge in the same way as 
the device described in connection with Fig. 9. This 
flow sensor can operate from room temperature to 
50* C or below. The heating element is exposed to 
the surrounding environment so that it may be 
directly subjected to flow of the environment. 



SUMMARY OF THE INVENTION 



It Is an object of the present invention to pro- 
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vide a moisture-sensitive device which is free of 
the foregoing problems with the prior art tech- 
niques. 

The above object is achieved by a moisture- 
sensitive device comprising: a substrate provided 
with a pair of recesses; a pair of belt-tike heating 
elements extending over the recesses and formed 
on the same side as, or opposite side of, the 
openings of the recesses; an insulator formed be- 
tween the substrate and the heating elements; a 
container the inside of which is an atmosphere of a 
given humidity, the container being formed integral 
with the substrate and acting to isolate one of the 
heating elements from the outside atmosphere; 
lead wires for supplying electric current to the 
heating elements; and the heating element being a 
resistive film of platinum or nickel and a heat 
resistant insulating film covering the resistive film. 

The moisture-sensitive device detects absolute 
humidities by making use of the fact that the ther- 
mal conductivity of air depends on the amount of 
water vapor contained in air. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 shows the structure of one example of 
the micro bridge type element to ruse on a 
moisture- sensitive device according to the inven- 
tion; 

Fig, 2 is a perspective view of a patterned 
element for use on a moisture-sensitive device 
according to the invention; 

Fig. 3 shows the structure of a cantilever 
type element for use nn a mnMn r?-?^!rs!t! vc tz 
vice according to the invention; 

Fig. 4 shows the structure of a diaphragm 
type element for use on a moisture-sensitive de- 
vice according to the invention; 

Fig. 5 shows the structure of a moisture- 
sensitive device according to the invention; 

Fig. 6 shows the structure of another 
moisture-sensitive device according to the inven- 
tion; 

Fig. 7 is a diagram of a circuit for operating 
a moisture-sensitive device according to the inven- 
tion; 

Fig. 8 shows the structure of a further 
moisture-sensitive device according to the inven- 
tion; 

Fig. 9 is a perspective view of a micro 
bridge type element using the prior art thin film of 
thermistor; 

Fig. 10 is a schematic of a moisture-sen- 
sitive device using known bead-type thermistors; 

Fig. 11 is a graph comparing the sensitivity 
of a moisture-sensitive device according to the 



invention with the sensitivity of a conventional 
moisture-sensitive device; 

Fig. 12 shows graphs for comparing the 
speed of response of a moisture-sensitive device 
5 according to the invention with the speed of re- 
sponse of a conventional moisture-sensitive device; 
and 

Fig. 13 is a graph comparing the stability of 
a moisture-sensitive device according to the inven- 
to tion with the stability of a conventional moisture- 
sensitive device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

15 

A moisture-sensitive device according to the 
invention includes a substrate which is provided 
with at least one pair of recesses. These recesses 

20 are so shaped as to be contrlbutable to a reduction 
in the heat capacity of the finished moisture-sen- 
sitive device and also to sufficient heat insulation 
from belt-like heating elements (described later). 
Preferably, the recesses are shaped into substan- 

25 tlally the same form. The low heat capacity and the 
heat Insulation from the belt-iike heating elements 
described above are of importance for the reasons 
described below. 

Generally, it is necessary to increase the 

30 amount of heat dissipated from a device as much 
as possible for a given change in the amount of 
water vapor, in order to enhance the sensitivity. 
The amount of heat dissipated from the device is 
given by 

35 q = h(T - To) A 

n!'.wo T ia iiie lemperaiure ( U) of the device, A is 
the area (m 2 ) of the surface of the device, h is the 
heat transfer coefficient (kcal/m.h/C), and To is 
the temperature ("C) of the atmosphere. The. 

40 amount of dissipated heat q is represented in 
kcal/h. When the amount of water vapor changes, 
only the heat transfer coefficient h varies; A is 
retained constant, since it is the area of the sur- 
face. Accordingly, for a certain change in the 

45 amount of water vapor, the dissipated heat amount 
q can be increased by increasing (T-T 0 ), l.e., ele- 
vating the temperature T of the device. However, if 
the measures taken are only to increase the op- 
erating temperature of the device, then the amount 

so of electric power consumed by the device in- 
creases greatly. This leads to a great decrease in 
the speed of response of the device to heat, which 
will result in a substantial reduction in the speed of 
response to water vapor. Therefore, it is important 

65 to reduce the heat capacity of the device, i.e., to 
provide sufficient heat insulation from the heating 
elements of the device, for realizing high-speed 
response, low power consumption, and high-tem- 
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perature operation. 

The novei moisture-sensitive device is 
equipped with a pair of beit-like heating elements, 
corresponding to the above-described recesses. 
Specifically, the heating elements are supported on 
the substrate via an insulator and disposed close to 
the opening of the recesses, or the heating ele- 
ments are disposed via an insulator on the surface 
of the substrate which is on the opposite side of 
the recesses. In the former case, the elements can 
be supported by a bridge-shaped, cantilever- 
shaped, or otherwise shaped structure. In the latter 
case, the heating elements are supported by a 
diaphragm-shaped structure, for example. 

Each of the belt-like heating elements consists 
of a resistive film of platinum or nickel and a heat- 
resistant insulating film that covers the resistive 
film. The resistive film shows excellent stability at 
high temperatures. As the operating temperature of 
the belt-like heating elements of the moisture-sen- 
sitive device is increased, higher sensitivity is ob- 
tained, because the difference between the output 
signals produced from moist air and dry air in- 
creases. The resistive film of platinum or nickel 
operates reliably within a high-temperature range of 
300 to 400 "C. The prior art device using ther- 
mistors can operate only up to about 200 " C. In 
this way the novel device exhibits unparalleled re- 
sponse characteristics. Platinum is preferable to 
nickel., since platinum is more resistant to oxidation 
at high temperature. 

The resistive film is formed to a thickness of 

2000 to 5000 A. If the film is thinner than 2000 A, 

then it is impossible to bond lead wires to the film. 

, „ . . ... . • • 

n uta mi 1 1 is iiuuKci inuri ouuu a, men re taKes long 

to form and etch the film. In addition, the insulating 
film must be made thicker accordingly. This dete- 
riorates the thermal insulation. The resistive film is 
patterned into a desired form so as to have a given 
resistance value. Thus, the belt-like heating ele- 
ments are formed. As an example, a part of the 
resistive film is machined into a zigzag or me- 
andering pattern either having a given width or 
consisting of parts spaced regularly from each oth- 
er by micromachining techniques. In the case of a 
meandering pattern, making the width small is de- 
sirable, because a high resistance value is main- 
tained. For instance, the width is 1 to 10 urn, 
preferably about 5 urn. 

in this novel moisture-sensitive device, lead 
wires for supplying electric current are connected 
with the belt-like heating elements. 

One of the belt-like heating elements is formed 
into a reference element, while the other is formed 
into a detector element. The heating element for- 
ming the reference element is hermetically sealed 
by a sealing cap coupled to the substrate, and 
isolated from the outside atmosphere. The inside of 
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the cap constitutes a given moist atmosphere 
which can include dry condition. The belHike heat- 
ing element forming the detector element may be 
designed to be exposed to the outside atmosphere. 
This detector element may also be formed simply 
by exposing the belt-like heating element to the 
outside atmosphere. Preferably, a sealing cap is 
used for the reference element, and the cap is 
provided with holes that open into the outside at- 
mosphere. In this case, the holes may be formed 
at any arbitrary positions. Where a multiplicity of 
moisture-sensitive devices are formed on a single 
\ wafer, water is used to cut the wafer into individual 
devices, or dice. In order to prevent the water from 
entering the cap, it is desired to form the holes at 
the junction of the substrate and the cap. 

The belt-like heating elements can be formed 
and held on the substrate by micromachining tech- 
niques used in semiconductor fabrication pro- 
cesses such as thermal oxidation, sputtering, vapor 
deposition in vacuum, other film-forming tech- 
niques, and photolithography. 

Micromachining techniques such as etching or 
photolithography can be directly applied to the 
fabrication of the sealing cap. The cap can be 
joined by screen printing, coating, sintering, or oth- 
er process. These techniques are described in 
detail in the description of examples of the inven- 
tion. 

Preferably, the belt-like reference element and 
the belt-like detector element are held on the same 
substrate by similar structures. It is desired that the 
two belt-like heating elements be hermetically seal- 
ed in an enclosure and that the heating elements 
be sealed by their respective casings within the 
enclosure. The casing sealing the detector element 
is provided with thin holes for communication with 
the outside atmosphere. As a result, both heating 
elements dissipate heat at substantially the same 
efficiency and show the same dependence of the 
moisture-sensitive characteristics upon tempera- 
ture. 

The novel moisture-sensitive device is de- 
signed so that the amount of water vapor contained 
in the detected atmosphere is measured from the 
difference between the outputs form the reference 
element and the detector element, utilizing the dif- 
ference in resistance between both elements. As 
an example, a bridge circuit is built from the lead 
wires bonded to both heating elements. When the 
bridge circuit is not balance, the produced output is 
used as the detector output This is described In 
greater detail in the description of examples of the 
invention. 

In the moisture-sensitive device built as de- 
scribed thus far, the heating elements are heated 
by their respective resistive films made from plati- 
num or nickel that is stable against heat. The 
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amount o of heat dissipated away to the substrate 
is suppressed, because the recesses are formed in 
the substrate, and because the belt-like heating 
elements are supported by a bridge-, cantilever- or 
diaphragm-shaped structure. Therefore, the amount 5 
of heat dissipated depends upon the heat conduc- 
tion coefficient of the atmosphere that is deter- 
mined by the amount of water vapor contained in 
the atmosphere surrounding the heating element 
Consequently, the change in the amount of heat /o 
dissipated by the heating elements reflects the 
change En the humidity of the surrounding atmo- 
sphere. The changes in the resistance values of 
the resistive films. One of the heating elements is 
hermetically sealed within an atmosphere of a glv- 75 
en humidity, while the other is exposed to the 
detected atmosphere. Hence, the difference be- 
tween the outputs from the heating elements is not 
affected by the temperature of the atmosphere. 
The novel moisture-sensitive device has the follow- 20 
ing practical advantages. 

(1) It Is possible to directly detect the 
amount of water vapor. This detection of humidity 
is more advantageous than detection of relative 
humidities especially where the temperature of the 25 
detected atmosphere changes rapidly. 

(2) The heating elements are thermally in- 
sulated well, i.e., the heat capacity of the device Is 
reduced to a minimum. The resistive films which 
have large temperature coefficients of resistance 30 
are used. The resistive films are made from Pt or| 

Ni which is chemically stable and resistant to heat.| 
Therefore, the novel device can accomplish im- 
proved stability, higher sensitivity with which water 
vapor is detected, higher response speed, and 35 
lower consumption or eiecxncai power. 

(3) Since it detects water vapor by physical 
means, it is stable against contamination of the 
surface of the device and so it has good envi- 
ronmental resistance: *o 

(4) A batch of novel devices can be fab- 
ricated by ordinary semiconductor fabrication pro- 
cesses or their applied techniques. Therefore, the 
novel devices are excellent in reproducibility and 
compatibility, and are economical to fabricate. 46 

(5) The novel moisture-sensitive device is 
suitably used as a sensor for detecting the comple- 
tion of cooking of food in a microwave oven. 

While the invention is now described in detail 
in its preferred examples, it is to be understood 50 
that the Invention is not limited thereto. 

Fig. 1 shows a recess formed in a moisture- 
sensitive device according to the invention and a 
belt-like heating element disposed at the position of 
the opening of the recess. Fig. 1(A) is a schematic 55 
plan view of these portions of the device. Fig. 1(B) 
is a cross-sectional view taken along line X-X of 
Fig. 1(A). Fig. 1(C) is a cross-sectional view taken 



along line Y-Y of Rg. 1(A). An Insulating layer 2 
made of, a thin film is formed on a substrate 1 of 
silicon^ The layer 2 is shaped like a bridge. Then, 
the substrate 1 of sijicorjjsjaisi^ed anisotropicaily 
along the crystallographic axis t o form a hollow 
str ucture between the substrate, 1 and a micr o 
bri dge 3 formed from the insulating lay er. Thus, the 
device is excellent in thermal insulation and has a 
small heat capacity. A r esistive thin film 4 made 
fr om a sensor materia l is formed into a desired 
pattern on the micro bridge 3 so as to obtain a 
desired resistance value. A protective film 5 made 
fro m an insulating mater ial ifi formed nn * hft ffiSia- 
tive film 4. 

The process by which the device shown in Rg. 
t is fabricated is now described in detail. First, the 
t hin insulatin g lpy ftr 9 nf sirt * SiaML AiaOa, or 
other material Is formed on the substrate 1 _o f 
s ilicon b y thermal oxidation, sputtering, vapor evap- 
oration in vacuum, or chemical vapor deposition, 
depending on the material. For the silicon substrate 
1, the chemical etching rate differs with the orienta- 
tion of crystallographic axis. The insulating layer 2 
underlies the micro bridge 3. In this examples, a 
film of Si02 is formed by thermal oxidation to 
prevent formation of etch pits when the silicon 
substrate is etched later. At the same time, Si02 Is 
deposited on the rear surface and on the side 
surfaces of the substrate to form a mask that is 
used when the silicon substrate Is etched later. In ^ 
order that the resistive film adhere well to the ' 
insulating layer, a film of AI2O3 is formed on the 
film of SiOz by sputtering or anodization to form 
the insulating layer 2 consisting of two films made 
from AI2O3 and Si02, respectively. The insulatin g 
l ayer g may aiso oe a single mm ot siu 2 , siaiN *. or 
AT203, depending on the material of the resistive 
film or on the method by which the insulating film 
is formed. Considering the strength of the bridge, 
silicon can be left at a given thickness under the 
insulating layer underlying the micro bridge 3. The 
portion underlying the left silicon may be removed, 
and the bridge may be composed of two layers, 
i.e., the insulating layer and the layer of silicon that 
is the material of the substrate. In this case, the 
surface of the substrate over which the bridge is to 
be formed has been previously doped heavily with 
boron, or boron has been previously diffused Into 
the surface at a high concentration. The portion 
treated in this way is used as a stopping layer 
when anisotropic or chemical etching is done. The 
result Is that the bridge comprises the insulating 
layer and the layer of silicon doped with boron. 

Then, a metal such as platinum or nickel wh ich 
h as a large temperature coefficients of resistance 
a re sputtered of deposited on the insulating layer 2 
In a vacuum. The metal ' layer is formed into a 
desired pattern on the portion which forms the 
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micro bridge 3 on the insulating layer when the 
silicon substrate is etched later. The patterning is 
conducted by photolithography and dry etching or 
chemical etching. The patterned metal layer forms 
the resistive film 4 having a desired resistance 
value. In this example, the resistive film 4 is made 
from platinum which is stable against chemicals 
and also against heat Trie film 4 is formed into a 
zigzag or meandering pattern by dry etching as 
shown in Rg. 2. At this time, the platinum film has 
a thickness; of 2000 to 5000 A, typically 5000 A. 
The meandering pattern has a width of 1 to 10 urn, 
typically 5 urn. Thereafter, th e upper insulatinp 
l ayer 5 which serves as a protective film is formed 
o n the resistive film 4 by sputtering, vapor deposi- 
tion in vacuum, thermal oxidation, chemical vapor 
deposition, or other process. T he insulating laye r 5 
acts as a mask when the si licon substrate is etched 
later. In this specific example, a him orAI 2 0 3 which 
adheres well to platinum and exhibits good 
weatherproofness is formed by sputtering. 

Subsequently, the portion of the silicon sub- 
strate which is located under the lower insulating 
layer 2 is selectively etched away to form the 
micro bridge 3 consisting of the upper Insulating 
layer 5, the lower insulating layer 2, and the resis- 
tive film 4. The upper and lower insulating layers 
are etched into a bridge pattern by photolithog- 
raphy, chemical etching, and dry etching to expose 
the silicon substrate located under the insulating 
layers. At the same time, the upper insulating layer 
is etched into a bonding pad with which lead wires 
extending to the platinum film are connected. More 
specifically, the film of AfeOa Is chemically etched, 
usino a solution of nfoncnh™^ zcid. The Icyar or 
S1O2 is treated by chemical etching or dry etching, 
depending on the thickness of the film. After the 
upper film of AI2O3 of the pad is etched, the 
platinum resistive film is exposed. When the lower 
insulating layer of AfeOa or SI02 is etched, the 
exposed film of platinum is resistant to the etchant 
and stable, whether the etching is chemical etching 
or dry etching. Therefore, the pad 6 can be created 
will. The exposed portions of the silicon substrate 
are chemically etched, using an alkaline solution of 
ethylenedlamine pyrocatechol or KOH, so that the 
silicon crystal is anisotropically etched. As a result, 
the silicon substrate located under the insulating 
layer is etched into a bridge pattern to form the 
micro bridge 3 consisting of the upper insulating 
layer 5, the lower Insulating layer 2, and the resis- 
tive film 4. T he upper and lower insulating layer s 
c an be films of SiaN» , which are similar in char- 
acteristic to the film of AI2O3 The upper and lower 
insulating layers are used as masks for the an- 
isotropic etching. When the (11 1) plane of the (100) 
silicon substrate is exposed, the etching Is per- 
formed. 



Another element for use on a moisture-sen- 
sitive device according to the invention is shown in 
Fig. 3. Fig. 3(A) is a perspective view of the ele- 
ment. Fig. 3(B) is a cross-sectional view taken on 
5 line X-X of Rg. 3(A). Rg. 3(C) Is a cross-sectional 
view taken on line Y-Y of Rg. 3(A). This element 
has a resistive layer 4 on an insulating, cantilever- 
shaped layer 7 which is formed by patterning an 
upper insulating layer 5 and a lower insulating layer 
10 2. This element is slightly inferior in mechanical 
strength to the above-described element but pro- 
vides better thermal insulation. 

The fundamental micro bridge type device and 
cantilever type device are formed by the processes 

15 described above. When the meandering patter of 
the platinum resistive" Win B yi^ Ultatfy-eneTgized 
a ncTheats up to a certain temperature, the tem - 
p eralure changes according to changes in t he 
amount of water vapor. This temperature change 

20 varies the resistance value. In this way, the amount 
of water vapor can be detected. 

A further element for use on a moisture-sen- 
sitive device according to the invention is shown in 
Rg. 4. Rg. 4(A) is a perspective view of the ele- 

25 ment Fig. 4(B) is a cross-sectional view taken on 
line X-X of Rg. 4(A). Rg. 4(C) is a cross-sectional 
view taken on line Y-Y of Rg. 4(A). An insulating 
thin film 2a is formed on the front surface, the rear 
surface, and the side surfaces of a silicon substrate 

so 1a. The Insulating layer 2a on the rear surface of 
the silicon substrate 1a is etched into a desired 
form having desired dimensions according to the 
pattern needed to create a diaphragm. Thus, a 
mask for anisotropic etching is created. The an- 

uo isotropic etcning is started from the center of the 
rear surface of the silicon substrate 1a on which 
the insulating layer 2a is not formed. The central 
portion of the silicon substrate 1a is then thinned, A 
diaphragm 13 consisting of the tin insulating layer 

40 formed on the silicon substrate 1a and a layer of 
the silicon substrate material is formed, A resistive 
thin film 4a of nickel is formed on the diaphragm 
13. The film 4a is formed into a desired form 
having specified dimensions, such as meandering 

45 pattern similar to the pattern shown in Rg. 2. A 
protective film is formed on the resistive film. In 
this way, an element Including the diaphragm 13 is 
fabricated. 

The silicon substrate has been previously dop- 
50 ed heavily with boron to form a stop layer in the 
silicon layer of the diaphragm 13. Therefore, the 
diaphragm comprises the silicon layer doped with 
boron and the insulating layer. It is not always 
necessary to control the thickness of the silicon 
65 layer by doping it with boron. It is also possible to 
control it by controlling only the time of for which 
anisotropic etching is carried out. Further, this por- 
tion of the sHicon layer may be fully etched away 
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to form the diaphragm only form the insulating 
layer. 

The thermal insulation of the resistive film of 
the diaphragm type moisture-sensitive element 
manufactured in this way is much superior to the 
thermal insulation of the resistive film of the prior 
art thermal conduction type moisture-sensitive ele- 
ment. That is, the novel element has a much re- 
duced heat capacity. However, the diaphragm type 
element is somewhat inferior In response char- 
acteristic to the bridge type and cantilever type 
elements. In spite of this fact, the diaphragm type 
element is superior to the bridge type and cantile- 
ver type elements, because the mechanical 
strength of the diaphragm is excellent. Accordingly, 
the diaphragm type element which has high sen- 
sitivity, high-speed response t and Jow consumption 
of electrical power can be advantageously used in 
environment requiring high mechanical strength. 

A moisture-sensitive device equipped with a 
pair of elements of the structure described above 
are next described. The elements are formed on a 
single substrate. 

Fig. 5 shows the structure of a moisture-sen- 
sitive device according to the invention. Fig. 5(A) is 
a perspective view of the device. Fig. 5(B) is a 
cross-sectional view taken on line X-x' of Fig. 5(A). 
This devices includes a substrate 1b on which a 
pair of micro bridge elements having the same 
characteristics is formed. Each micro bridge ele- 
ment is the same as the micro bridge element 
shown in Fig. 1 and has a resistive film of platinum. 
One of the elements is a detector element 3a, 
while the other is a reference element 3b. A sealing 
cap (hereinafter referred to as the micro cap) is 

from the outside atmosphere. The cap is bonded to 
the substrate with a low-melting glass or adhesive. 
The cap that takes the form of a container is 
created by half etching a box-like silicon block form 
Its one side. The reference element 3b is hermeti- 
cally sealed within the micro cap and so the refer- 
ence element 3b is unaffected by variations in the 
humidity of the outside. 

Fig. 6 shows the structure of another moisture- 
sensitive device according to the invention. Fig. 6- 
(A) is a perspective view of the device. Fig. 6(B) is 
a cross-sectional view taken on line X-x' of Fig. 6- 
(A). This device includes a substrate 1c on which a 
pair of micro bridge elements having the same 
characteristics is formed. Each micro bridge ele- 
ment has a resistive film of platinum and is the 
same as the micro bridge element shown in Fig. 1. 
One of the micro bridge elements is a detector 
element 3a, whereas the other is a reference ele- 
ment 3b. The elements 3a and 3b are hermetically 
sealed in a sealing micro cap 8a taking the form of 
a container. The cap 8a is fabricated by an- 



IsotropfcaJly etching silicon. The detector element 
3a is provided with minute holes 1 1 to permit water 
vapor to go Into and out of the element. The 
reference element 3b is hermetically sealed as 

5 mentioned above to prevent water vapor from go- 
ing into and out of the element. 

A bridge circuit built as shown in Fig. 7 in- 
cludes the resistive films of platinum of the ele- 
ments 3a and 3b obtained in this way. The bridge 

io circuit delivers an output signal Vqut- The noise 
introduced in the output due to variations In the 
temperature of the atmosphere can be canceled 
out. Hence, the output signal reflecting only the 
variations in the amount of water vapor is derived 

is accurately. That is, the dependence of the re- 
sponse to humidity upon temperature can be com- 
pensated for, using the reference element 3b. 

The process by which the micro cap 8a is 
fabricated and the method by which the cap 8a is 

20 joined to the substrate 1c are next described in 
detail. 

A film of Si02 is formed over the whole surface 
of a substrate of silicon by thermal oxidation. Then, 
the film of Si02 is etched into a desired pattern on 

26 both sides of the substrate by photolithography and 
chemical etching or dry etching. At this time, two 
recesses 9 and 10 in the micro cap and the minute 
holes 11 permitting water vapor to go into and out 
of the element 3a. Then, the exposed portions of 

30 silicon are anisotropically etched, using an alkaline 
solution of ethylenediamine pyrocatechol or KOH, 
in the same way as the elements of the body. 
Thus, the micro cap 8 is obtained. Finally, the 
micro cap is joined to the elements of the body to 

35 manufacture the moisture- sensitive device shown 
in Fiy. 6. wiure specmcauy, a iow-merang glass or 
other cement 12 is employed to join them together. 
The low-melting glass 12 is patterned on the joint 
portions of the micro cap by screen printing, coat- 

40 ing, or other method. Then, the cap is caused to 
register with the elements of the body. The assem- 
bly is sintered inside a furnace which contains an 
atmosphere of an extremely low humidity, to join 
the cap to the elements. The elements to which the 

45 micro cap has been joined are mounted on an 
ordinary or known TO-5 package. Wire leads are 
bonded to the pad 6a, thus completing the device. 
A process for manufacturing a single device has 
been described thus far. In practice, two wafers 

so and corresponding elements, micro caps are si- 
multaneously fabricated until the joining step is 
completed. After the Joining step, the two wafers 
are separated by dicing to produce separate de- 
vices. Consequently, the productivity is enhanced, 

55 and the cost is reduced. 

Changes in the amount of water vapor can be 
accurately detected, employing this moisture-sen- 
sitive device and the bridge circuit shown in Fig. 7. 



13 EP 0 376 721 A2 14 



The operation is now described. The resistive film 
[Hx (a R,}] 18 of platinum of the detector element 
is connected in series with the resistive film [R2 (» 
R r )] 19 of platinum of the reference element. These 
resistive film are electrically energized so that they 
may be heated to about 300 "C. At this time, a 
current-limiting resistor (R1) 17 is added to provide 
overcurrent protection. Adequate fixed resistors are 
connected with R3 20 and R4 21. Then, an adjust- 
ment is made so that the output V 0 ut 22 obtained 
before measurement equals a reference level. 
Therefore, it is desired to use a variable resistor as 
w 21. Under this condition, if the amount of water 
vapor contained in the atmosphere varies, then the 
resistive film 18 of platinum of the detector element 
is affected by the variation and the temperature of 
the element changes. Thus, only the resistance 
value of the detector element varies, unbalancing 
the bridge circuit. As a result, a voltage corre- 
sponding to the amount of water vapor is obtained 
at the output V 0UT 22. If the temperature of the 
atmosphere changes, the temperature of the two 
elements change by the same amount, and their 
resistance values change by the same amount. The 
output a Vout 22 Is maintained at the reference 
level and does not vary. In this way, the depen- 
dence of the response to the humidity upon tem- 
perature is considerably compensated for. This en- 
ables accurate detection. The output signal from 
the novel device is superior in signaHo-noise ratio 
to the output from the prior art sealed package 
type device. 

Fig. 8 show a still other moisture-sensitive de- 
vice according to the invention. Fig. 8(A) is a plan 
view u 1 Li ic uaviue. Fiy. 6\a) is a cross-seen onat 
view taken along line X-X of Fig. 8(A). This 
moisture-sensitive device includes a substrate Id 
and a pair of micro bridge elements of the con- 
struction shown in Fig. 1. The elements are formed 
on the substrate 1d and have the same characteris- 
tics. Each micro bridge element has a resistive film 
of platinum. One of the elements Is a detector 
element 3a, while the other Is a reference element 
3b. A micro cap 8b is provided with recesses 
corresponding to the position of the substrate 1d. 
Also, the cap 8b is formed with cutouts for expos- 
ing the bonding pads 6b of the elements 3a and 
3b. The recesses form spaces for the elements. 
• Low-melting glass paste 12a for joining the cap to 
the substrate is applied to the micro cap 8b by 
screen printing in a pattern indicated by the hatch- 
ing in Fig. 8(A). The paste is provisionally sintered 
to evaporate the solvent contained in the paste. 
Then, the substrate id and the micro cap 8b are 
placed In an opposite relation to each other within 
an atmosphere of dry air or air of a known humidity 
sealed in the space of the reference element 3b. 
The substrate 1d and the micro cap 8b are so 



arranged that their recesses together from spaces 
surrounding the elements 3a and 3b. respectively. 
Subsequently, heat is applied to melt the low- 
melting glass, for joining the cap to the substrate. 

5 As a result, the space around the reference ele- 
ment 3b is isolated from the outside atmosphere 
and kept in a certain atmosphere. It is not always 
necessary that the sealed atmosphere be at the 
atmospheric pressure. At the same time, a space is 

10 formed around the detector element 3a. The gaps 
in the joined portions create vent holes 11a which 
are opposite to each other. 

A plurality of moisture-sensitive device of the 
construction described above are batched on a 

75 silicon substrate and then they are separated by 
dicing. 

During the above process, it is unlikely that 
cutting water for dicing flows in from the vent holes 
and destroys the detector element 3a. If the cutting 

20 water should enter the space around the detector 
element 3a, then the water could be easily dis- 
charged, using at least two vent holes 11a dis- 
posed opposite to each other in the space. Also, It 
would be easy to clean and dry the space. 

25 Each chip, or moisture-sensitive device, sepa- 
rated as described above is mounted on an elec- 
tronic part stem. Wires are bonded to the pads 6b. 
Then, a mesh cap is placed on the chip to com- 
plete the moisture-sensitive device. 

30 In the operation of the moisture-sensitive de- 
vice as described above, certain electrical energy 
is supplied io the elements so that they may heat 
themselves. Heat is dissipated at rates correspond- 
ing to the amounts of water vapor contained in the 

35 spaces around the reference element and the de- 
tector element, respectively, i.e., at thermal con- 
ductivities of the spaces at their respective ab- 
solute humidities (g/m 3 ). Both elements are kept at 
a certain temperature and have given resistive val- 

40 ues. The difference is detected as the output from 
the unbalanced bridge circuit. In this manner, the 
absolute humidity can be measured. 



COMPARATIVE EXAMPLE 



Fig. 11 shows the output voltages from four 
devices at the same humidity. The temperature of 
50 the atmosphere surrounding the devices was 
40 *C. The absolute humidity was varied. The 
known bridge circuit shown In Rg. 7 was used. The 
four devices were a micro bridge type device (a) 
using resistive films of platinum according to the 
56 invention, another micro bridge type device (a') 
using resistive films of nickel, a further micro 
bridge type device (b) (Fig. 9) having resistive thin 
films made from thermistor material 15. and a 
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device (c) (Fig. 10) using two bead-type thermis- 
tors 14. The sensitivities of the devices (a) and (a') 
according to the invention are twice as high as the 
sensitivity of the convehtionaJ device (b) and eight 
times as high as the sensitivity of the conventional 6 
device (c). The devices (a) and (a) were operated 
at temperatures of about 300 *C. The device (b) 
was operated at about 150'C. The device (c) was 
operated at approximately 200 "C. At these tem- 
peratures, the device operated reliably as de- to 
scribed later. 

The speeds of response to moisture of the 
devices (a) and (c) are compared in Fig. 12. The 
used circuit and the operating temperatures were 
the same as those used in the above-described 15 
experiments on sensitivities (Fig. 11). The response 
characteristics of the circuit obtained when the 
humidity of the atmosphere was changed rapidly 
from 10 g/m 3 to 35 g/m 3 at temperature 40* C are 
shown. The response time of the novef device (a) 20 
was about 5 sec, while the response time of the 
conventional device (c) was about 50 sec. In this 
way, the device (a) according to the invention is 
about ten times as high as the response time of the 
conventional device (c). The device (c) consumed 25 
electric power of about hundreds of milliwatts, 
whereas the device (a) consumed electric power of 
tens of milliwatts. In this way, the Invention 
achieves a great reduction in the consumed elec- 
tric power. 30 

The stability at high temperatures of the plati- 
num resistive film was compared with the stability 
at high temperatures of the thin thermistor film, for 
checking their reliability. The devices (a) and (b) 
were electrically energized at room temperature, so 35 
that they were heated to about 400* C and 2nn* r. 
respectively. Then, they were allowed to stand. The 
ratio of the resistance value Ro at evaluating tem- 
perature of 0 " C to its initial value was measured. 
The ratios of the devices changed with time as 40 
shown in Fig. 13. For the device (b) having the thin 
film of thermistor, the ratio increased at high rates. 
For the novel device (a) having the platinum resis- 
tive film, the ratio was quite stable. Hence, the 
device (a) is highly reliable. 45 

As described thus far, the inventive moisture- 
sensitive device having platinum resistive films on 
a micro bridge*, cantilever-, or diaphragm-shaped 
Insulating layer operates stably over a long term, 
consumes much less electric power than the prior bo 
art device, responds at a high speed, and exhibits 
high sensitivity. 

Clafms 55 

1. A moisture-sensitive device comprising: 
a substrate provided with a pair of recesses; 



a pair of belt-like heating elements extending over 
the recesses and formed on the same side as, or 
opposite side of. the openings of the recesses; 
an insulator formed between the substrate and the 
heating elements; 

a container the inside of which is an atmosphere of 
a given humidity, the container being formed in- 
tegral with the substrate and acting to isolate one 
of the heating elements from the outside, atmo- 
sphere; 

lead wires for supplying electric current to the 
heating elements; and 

the heating element being a resistive film of plati- 
num or nickel and a heat-resistant insulating film 
covering the resistive film. 

2. A moisture-sensitive device of claim 1, 
wherein the resistive film has a thickness of 2000 
to 5000 A. 

3. A moisture-sensitive device of claim 1, 
wherein the resistive film is in a pattern form. 

4. A moisture-sensitive device of claim 3, 
wherein the pattern form Js a meandering pattern 
form. 

5. A moisture-sensitive device of claim 1, 
wherein the belt-like heating element operates in 
the range of 300 ' C to 400* C. 

6. A moisture-sensitive device of claim 1, 
wherein the substrate is a silicon substrate. 

7. A moisture-sensitive device of any one of 
claims 1 to 6 wherein each of the belt-like heating 
elements has a container which is integral with the 
substrate and isolated from the outside atmo- 
sphere, the inside of one of the containers of the 
heating elements being an atmosphere of a given 
humidity, the other being provided with holes com- 
rrvj~ici£r.g yvtui t! Ouioiuo aunuspnere. 

8. A moisture-sensitive device of claim 7 
wherein the holes are formed at positions at which 
the containers are joined to the substrate. 
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